Despite the widespread adoption of new information technologies, a "digital divide" still exists, excluding many from enjoying the benefits, especially those who live in developing countries. A digital divide is defined as an access gap that is measured by the disparities in subscriber penetration levels and technological gaps reflected in technological discrepancies between countries and regions. However, the rapidly advancing diffusion of digital wireless technologies offers hope that this gap will be diminished. Digital wireless phones, with their popularity, affordability, and fast infrastructure implementation, have great potential to bridge the gap between the "haves" and "have-nots" in support of individual communication. This research reflects an initial effort to study digital wireless phone adoption among nations and regions that will help to provide a picture of the current global digital divide. The questions we address in this research are: (1) To what extent is there a global digital divide with respect to digital wireless phone technology? (2) Are there any observable patterns of the divide relative to the adoption of digital wireless phones among regions and countries in the world? (3) How can we explain what we observe? The data consist of forty three countries in Africa, Asia Pacific, Middle East, North America, South Asia and Western Europe. Our findings are supported by a descriptive analysis of diffusion patterns, as well as a panel data model-based analysis that offers an explanation of the observed patterns. We also present a new theoretical perspective to understand what we see: a regional contagion theory of technology diffusion. We examine the efficacy of the new theory using a vector autoregression and variance decomposition approach to establish information about the strength of the regional contagion links. These findings provide insights for policy makers to understand how to address the access gaps in digital wireless phones on a global basis.
INTRODUCTION
Information and communications technologies (ICTs) are powerful tools to accelerate a country's social and economic development. However, the opportunities to use and benefit from these technologies have been limited to those who live in a handful of developed regions and countries. This disparity is broadly known as a "digital divide." A digital divide occurs when there are gaps between people who have access to and have the capability to use ICTs, and those who do not (Bridges.org, 2001; Rice and Katz, 2003) . Two recent studies of the digital divide in more than 130 countries by Orbicom (www.orbicom.uqam.ca), entitled Monitoring the Digital Divide (Sciadis, 2002) and Monitoring the Digital Divide and Beyond (Sciadis, 2003) , found that the extent of the digital divide between developed and developing countries is disturbingly enormous. Western Europe, North America, Hong Kong, Japan, Singapore, South Korea, Australia, and New Zealand are leaders in ICT production and usage, whereas several countries in Africa, Myanmar, and Bangladesh are among those at the tail end.
There is widespread recognition of the urgency to reduce such gaps. World leaders from G8 nations, in their 2000 summit meeting, agreed that global digital equality is a prerequisite to achieve and sustain global development. This viewpoint also was echoed in a recent plea made to the world by United Nations Secretary General, Kofi Annan, on World Telecommunications Day, May 17, 2004 , to eliminate the digital divide between rich and poor nations.
Recent developments in digital wireless technology bring hope for the diminution of the digital divide. Due to their affordability, popularity, and fast infrastructure implementation, digital wireless phones offer developing countries the opportunity to catch up with others who are obtaining benefits from the digital revolution. Despite the early stage of development of the technology, digital wireless phones are diffusing rapidly. According to the GSM Association (2004) , there were more than 1.4 billion wireless phone subscribers in March 2004. In addition, London, England-based EMC (2004) , a subsidiary of Informa UK and a well-known provider of data on global cellular telephony and mobile telecommunications market, has predicted that the market will expand to reach two billion subscribers by mid-2006. We explore the issue of the global digital divide for digital wireless phones by examining global adoption and diffusion patterns. We define the digital divide in digital wireless phone technologies as an access gap measured by disparities in subscriber penetration levels between countries and regions, and technological gaps measured by differences between generations. The research questions that we will address are as follows:
(1) Is there a global digital divide with respect to digital wireless phone technology? Are there any observable patterns of the divide relative to the adoption of digital wireless phones among regions and countries in the world?
(2) What theoretical bases are there to enable us to explain what we observe? What might be the basis for a theory of regional influences and contagion for digital wireless diffusion?
(3) What analytical approaches might be useful to characterize the extent of the diffusion of digital wireless phones? What methodologies will be useful in identifying the drivers? And how can we substantiate diffusion links among countries to show the role of regional influences on wireless diffusion?
Our theoretical perspective involves understanding diffusion of digital wireless phone technology in the context of patterns that are global, regional and nation-based. At the global level, we expect to see patterns of diffusion that are consistent with the diffusion of other well known technologies in developed and developing nation contexts. However, the lower cost of infrastructures associated with wireless phones make it possible for the diffusion to occur more rapidly than we have seen in other contexts in the past. At the regional level, we expect to see cross-national contagion effects, where the experience and diffusion patterns of nations in geographical proximity to one another are relatively more closely aligned. We will frame this perspective as a regional contagion theory of technology diffusion. Finally, at the national level, we will attempt to examine some of the drivers of differential penetration rates for the technology, and how different countries may be regionally influential in driving diffusion.
Our results show that a digital divide exists to various degrees across countries and regions.
We find strong evidence from the descriptive data analysis on subscriber penetration levels and technological gaps, and from the panel data model of the extent to which Africa and South Asia are behind the rest of the world. Western Europe, North America, and selected Asia Pacific countries are leaders in the adoption of the technology, while the Middle East and a group of Asia Pacific countries-mostly developing countries-trail those leading countries. Our model suggests that competition and low service prices are likely to increase the rate of growth of digital wireless phone subscribers. But multiple standards slow it down. We also recognize another force that leads to cointegrated diffusion patterns and growth: regional contagion effects.
Our results show the efficacy of new econometric techniques from macroeconomic forecasting that can be used to understand the cross-national influences on the observed diffusion patterns.
Section 2 discusses the background of the development of wireless phone technologies and standards. Section 3 describes our data and presents a descriptive analysis of regional and country-level subscription of digital wireless phones to reveal the extent of the global digital divide. Section 4 provides greater explanatory depth into factors that affect diffusion growth of digital wireless phones through the use of panel data models. Section 5 proposes a new regional contagion theory of technology diffusion and uses a vector autoregression and variance decomposition analysis to illustrate the extent of the contagion effects as represented by regional contagion links. Section 6 identifies the main contributions and limitations of this study. There were 1,456.5 million wireless phone subscribers worldwide, with 16.5 million (1%) and 1,440 million (99%) as analog and digital subscribers, respectively. Among the digital standards, GSM had the largest subscriber base with 1,046.8 million subscribers (71.9%), followed by 19.1 million CDMA subscribers (13.7%) and 111.2 million US-TDMA subscribers (7.6%).
THE EVOLUTION OF WIRELESS PHONE TECHNOLOGIES

CHARACTERIZING A DIGITAL DIVIDE IN DIGITAL WIRELESS PHONES
We first discuss our data and analysis approach. Then, we analyze digital wireless phone technology penetration at the global, region, and country levels. We characterize the digital divide with absolute subscriber penetration rates, and evaluate the observed technological gaps.
Data
Our 
Identifying Digital Divides in Digital Wireless Phone Technology Diffusion
We analyzed subscriber data and penetration growth to develop an understanding of the existence of digital divides in digital wireless phones across regions of the world, as well as the degree to which they occur. The digital divide in wireless phones has two dimensions: (1) subscriber penetration gaps signify the disparity in the number of subscribers, and (2) technological gaps indicate generations (2G, 2.5G, 3G) of digital wireless phones available.
We assess subscriber penetration gaps from two perspectives. For the digital divide status, we use annual subscriber data to compare regions' and countries' digital wireless phone diffusion. We look at subscription progress across diffusion years to assess development. Finally, we use the availability of various generations of digital wireless phones to identify the existence of gaps across regions and countries. (0.6%) and Pakistan (0.4%) having the least subscribers among all the countries we have studied.
Based on subscription penetrations, we conclude that there are digital divides, with varying degrees, in wireless phones at the regional and country levels. There appear to be very wide gaps between Africa and South Asia, which are on the tail end of subscription rate scale, and Western 
Comparison of Subscriber Growth Versus Speed of Diffusion
We look at growth of subscribers to compare the speed of digital wireless phone diffusion across regions and countries and assess the digital divide over time. Taken together, evidence from subscriber data and growth curve analyses suggests a narrowing of the digital divides at both the country and the regional levels. The growth rates and installed bases of subscribers in global regions and countries that have high subscriber penetration levels now show slowing growth. Meanwhile, those that had low penetration rates previously are making fast progress to expand their digital wireless phone subscription base.
Overall, the wireless diffusion has been phenomenal compared to other technologies. waiting time to gain access, competitive service prices, subsidized handsets, and value-added services. For example, India has recently experienced a large increase in wireless phone sign-ups due to a recent price war leading by Reliance Infocomm who reduced the service rate to 2 cents a minute, the lowest in the world (BusinessWeek, 2004) . Similarly, Nigeria, a country with the third lowest telephone penetration in the world, increased its teledensity by more than 350% from 0.48% in 2000 within months of wireless phone operation (Nigerian Communications Commission, 2003) . Second, wireless phones, due to their easy use, present a more inviting platform to get the "have-nots" to gain access to information as well as the Internet.
Analyzing Technological Gaps Representing the Digital Divide for Wireless Phones
We next evaluate technological gaps of the observed divides. will take at least a few years for those countries to catch up with demands to use advanced data applications enabled by the 3Gs and later generations of digital wireless phone technology.
PANEL DATA ANALYSIS: EXPLAINING THE 'WIRELESS' DIGITAL DIVIDE
We next present a panel data econometrics model analysis of the explanatory factors and drivers of what we observe. The model helps us to explain fast growth when it is observed, as well as provides insights about the public policy variables that may be actionable for regulators, if they wish to improve adoption. The results we obtain help us to formulate a basis for the regional contagion theory of digital wireless phone technology diffusion. They also provide additional insights on factors that are associated with the digital divide and, perhaps more importantly, provide policymakers with some useful input on how to bridge the observed gaps.
Panel Data Model Preliminaries and Formulation
A panel data model to test explanatory factors for digital wireless phone adoption can be written as 1994, has eight data points. Denmark began its adoption in 1992 and has ten data points. The dependent variable, y, is stated as an annual subscription rate for the technology. α is an intercept, the vector X is a set of explanatory variables, and the β's are the estimated coefficients.
u i are country-specific effects, and ε it are zero mean, homoskedastic error terms. They are uncorrelated with one another, and the explanatory variables.
Two commonly-used approaches to specify individual country effects for panel data are fixed-effects models and random-effects models (Greene, 2000) . Fixed-effects models in our research context can be used to capture country-specific differences in subscriber penetration via u i , fixed-effects errors. 4 In contrast, random-effects models model country differences with u i as random variables with a normal distribution. 5 Since the random-effects specification models country-specific effects as random variables, they permit us to extrapolate the estimation to other countries outside those in the sample. The country-specific effects have to be independent from explanatory variables. We will use both specifications and compare their results.
Panel Data Model Results
Based on our prior work, we expect the following explanatory variables to have an association with countries' digital wireless phone subscription rates: purchasing power parity adjusted GDP per capita (GDP), the number of fixed phone line per 1,000 people (PHONE),
number of operators (OPR), PPP-adjusted service prices (PRICE), and the number of standards (STD).
We measure service prices in terms of the price of a three-minute peak-rate local call.
Estimation Issues. We used STATA 8.0 to estimate the models. Similar to its impacts in ordinary least square (OLS) regression, multicollinearity in fixed-effects and random-effects models can increase the variances of the estimated parameters. This makes the estimates less precise, and less powerful hypothesis tests (Kennedy, 2003 *** 2 = 0.50 for fixed-effects panel data regression. The F-statistics that test for whether the coefficients of the explanatory variables are all equal to zero is 76.46 (p = 0.00), indicating a high level of significance. In addition, the F-statistics that test for whether the country-specific effects are all equal to zero is 5.82 (p = 0.00), also indicating a high level of significance. The random-effects model goodness of fit is given by R 2 = 0.43. The χ 2 statistic that tests for whether the coefficients of the explanatory variables are all equal to zero is 167.17 (p = 0.00), also indicating high significance. The Hausman (1978) specification test checks whether the country-specific effects are uncorrelated with the explanatory variables in the models. The related χ 2 statistic = 253.81 (p = 0.00), indicating correlation of the country-specific effects with the explanatory variables. These diagnostics indicate that, assuming we have a correctly-specified model, the fixed-effects model is the better choice. The significance levels are: * = p < .10, ** = p < .05, and *** = p < .01.
We used four explanatory variables (PHONE, OPR, PRICE, and STD) to fit the fixed-effects and the random-effects models. The fixed-effects model reports a higher value of R 2 =0.50 compared to R 2 =0.43 for the random-effects model. The magnitude and signs of the coefficients are consistent in both models. This provides a strong indicator for the correctness of our model's specification. To determine which model is a better choice for estimating our data set, we performed the Hausman (1978) indicates that an additional operator introduced in the digital wireless phone market increases the subscription rate observed in the market by a little more than 3%. The service price variable (PRICE) is negative and significant (β OPR = -0.00008, p < .10). The magnitude of the coefficient of PRICE is close to zero and negative. This indicates that a one unit increase in price decreases the subscription rate by a mere 0.008%-in other words, very little. Finally, the number of digital wireless phone standards (STD) is negative and moderately significant (β STD = -0.03546, p < .05). An additional standard decreases the subscription rate by 3.5%.
Country-Specific Fixed-Effects Results. Next, we discuss the country effects based on the fixed-effects model results in Table 4 . (See Table 4 
Discussion
We examine digital divides in the global market for digital wireless phone technologies with a particular focus on the regional level and the country level of analysis. We investigate the digital divide with two measurement perspectives: subscriber penetration gaps and technological gaps. Our descriptive analysis has revealed that digital divides exist with varying degrees between various regions and across a large number of countries. Interestingly, we also found that there are regional contagion effects among neighboring countries in the same region that result in similarities in their adoption and diffusion patterns.
We now consider the new regional contagion theory of diffusion for digital wireless phones.
A REGIONAL CONTAGION THEORY OF DIGITAL WIRELESS DIFFUSION
The subscriber penetration data and the results from our panel model offer evidence that regional contagion effects in varying strengths enable countries in the same region to share similar adoption and diffusion patterns. These effects capture the influence of one country on the diffusion growth of digital wireless phones in another country. It is important to know their magnitude and direction, in addition to within-country diffusion parameters, to understand the dynamics of the global digital divide for digital wireless phones.
There are a number of reasons for the wireless digital divide to exhibit regional contagion effects-in addition to the explanation offered by simple geographical proximity. Geographical proximity proxies for a number of underlying factors that may be correlated. For example, different regions of the world exhibit different economic regimes (Mussa, et al., 2000; World Bank, 2004a) . As a result, there is often alignment across countries in a geographical region in terms of their roles as manufactured or agricultural commodities producers, production for export-focused versus consumption from imports-focused economies, and knowledge creationcentered versus natural resources exploitation-centered economies (World Bank, 2004b) . A second aspect is the scale size of an economy relative to its ability to provide a foundation for the development of a scale-appropriate technological infrastructure that will enable wireless operators to effectively support the development of an installed base of digital wireless phone users (Arquette, 2001; Chinn and Fairlee, 2004, Milner, 2003; Quibria, et al, 2000) .
A third dimension that may substantiate our regional contagion effects theory is cultural similarities. Cultural similarities predispose the countries in a region that share them to react to similar external forces in a patterned way (Gruber and Verboven, 2001) . The success of the digital wireless and their personalizing elements (customized chimes, music to identify a caller, sharing of music, and so on) in Japan, Korea, Taiwan and Hong Kong offers a good case in point relative to the 3G wireless technologies Lehrer, et al., 2002) . These ancillary services have come to be highly profitable for both the operators and the service providers among young adopters-and the facts about this high profitability have come to be known both inside and outside the Asia Pacific and East Asian region. They have been of less interest outside this region, where cultural differences in the youth market prevail.
The regional contagion effects cause digital wireless phone diffusion among countries in the same region to exhibit cointegrated patterns of diffusion over time (Kauffman and Wang, 1995) .
To put this in statistical terms, we should expect to see strong correlations in diffusion growth over time among countries in the same region. If this is true, there should also be a correlation between a country and its regional diffusion growth. Following this argument, one approach to illustrate the regional contagion effects in wireless diffusion is to analyze co-movements between country and regional subscriber growth. We will refer to these as regional contagion links between a country and its regional diffusion. Next, we describe the vector autoregression (VAR) approach and the variance decomposition (VDC) technique that we will use to measure the strength of linkage between subscriber growth at the country and its regional levels. where Y is an n x 1 vector of a dependent variable, α is an n x 1 vector of deterministic compo-nents, β is an n x n matrix of coefficients, ε is an n x 1 vector of residuals, and l is the lag length.
Vector Autoregression and Variance Decomposition Approach: Measuring the Regional Contagion Links
Proposed by Sims (1980) , the VAR model has been widely used to study macroeconomic issues, including the relationship between the United States aggregate and individual states' economies (Sherwood-Call, 1988) , the economic impacts of equity markets (Rousseau and Wachtel, 2000) , and forecasts of the unemployment rate and the rate of growth in gross domestic product (Robertson and Tallman, 1999) . Since VAR models explore statistical regularities in historical data, rather than requiring assumptions about the underlying economic structure, this methodology enables researchers to explore dynamic behaviors among economic variables without imposing biases or making a misinformed specification choice in a structural model.
We employ a modified version of the VAR system discussed by Sherwood-Call (1988) and Kauffman and Wang (1995) to investigate the relationship between subscriber growth at the country and regional levels. In the regional equation, the regional subscriber growth rate is a function of its own lagged values of growth. For each country equation, the country subscriber growth rate is a function of its own lagged values of growth, as well as those at the regional level. Consider Western Europe, for example, with 18 countries in our sample. As a result, the regional equation uses the combined annual subscriber growth and their lags from all the 18 countries as the dependent and explanatory variables, respectively, in the model. At the country level, each of the 18 equations uses its own country's annual subscriber growth rate as the dependent variable, and lags of the country's annual subscriber growth rate and the lags of Western Europe's annual subscriber growth rate as the explanatory variables. Similar representations explore linkages between subscriber growth at the country and other regional levels, to the extent that our data supports such analysis with enough observations. The regional equation can be written as:
Regional Equation:
where REGION t is a regional subscriber growth at time t, α is an intercept, and the β's are the VAR coefficients, with ε t the error term. The country equation can be written as follows:
where COUNTRY t is country subscriber growth at time t, λ is an intercept, and γ and δ are the VAR coefficients, with ξ t once again as the error term.
Most VAR models have a large number of coefficients and involve lagged variables. So the number of its parameters increases substantially when a variable is added to the model. 6 In most VAR models, such a large number of coefficients and the complicated dynamics of their relationships make it difficult to interpret and draw implications from the estimated coefficients.
Instead, the variance decomposition technique is commonly used to attribute the total estimated errors-or shocks-to changes in values of each variable.
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The error term in the regional equation represents the extent to which actual regional subscriber growth deviates from the estimate. This deviation in our model is indicative of regional shocks. Since the regional and country equations are linked through the lagged values of the regional subscriber growth rates in the country equation, the error term in the country equation will reflect the shocks that occur at both the country and the regional levels. So the observed deviation from the actual values in the country equation can be decomposed into the portion that is attributable to regional shocks and the other that is attributable to country shocks.
A regional contagion link represents the regional component of the variance decomposition for each country. This value is used to measure the strength of linkage or co-movement between digital wireless phone diffusion at the country and regional levels. A high value for a regional contagion link means that most subscriber growth at the country level is associated with shocks at the regional level. But, if a country's fluctuations result from shocks to the country's diffusion, not shocks to regional diffusion growth, that country would have a low link value. In other words, the regional contagion effect will be relatively weaker in that country.
VAR and VDC Results
Although we have digital wireless phone subscriber data in five regions, we only will investigate regional contagion effects in Asia Pacific and Western Europe regions in this study.
Why? Because, first, our sample covers a relatively large number of countries in those regions:
18 and 12 countries in Western Europe and Asia Pacific, respectively. Second, the rapid subscriber growth observed in several countries in these regions makes them a good case study.
From these contexts, we can draw interesting insights and implications from our regional contagion analysis for future diffusion growth in other regions of the world.
Data Setup. Since our VAR models use lagged data to analyze the relationship between regional and country subscriber growth, the degrees of freedom are substantially reduced, as we introduce lags into the model. This is a sensitive issue in our data set. First, unlike other macroeconomic data that are often available monthly or quarterly, our observations are measured on an annual basis. As a result, we have limited observations. Second, the fact that countries did not start their diffusion at the same time makes the digital wireless phone subscriber growth time series even shorter for some countries. The maximum number of observations is eleven for countries such as Finland, France and Germany whose wireless phone diffusion began in 1992.
The minimum number of observations is eight for countries such as Malaysia, New Zealand, and
Ireland whose wireless phone diffusion only started later in 1995.
To achieve greater confidence with our model estimation, we need to have a longer time series of subscriber growth to parameterize our VAR models. As a result, we will use the time series of combined analog and digital wireless phones subscriber data, which became available as early as 1986 in Western Europe and 1987 in Asia Pacific. These data offer a reasonable, though imperfect proxy for the digital wireless phone subscriber data alone. A lack of data in some countries forced us to drop them from our analysis. After these steps, our Western
European data set has annual analog and digital subscribers from 1986 to 2002 for 14 countries.
Similarly, our Asia Pacific data set has annual analog and digital subscriber data from 1987 to 2002 for ten countries. 8 Next, we calculated the annual subscriber growth for all countries and regions. This resulted in 16 observations for Western Europe and 15 for Asia Pacific.
Estimation Results. We used STATA 8.0 to estimate our VAR models, which require the explicit choice of lag-length. Our choice of a four-period lag-length is based on several model selection criteria that consider the tradeoff between model fit and complexity. Table 5 presents the results of VAR model fit using standard fit statistics. (See Table 5 and its notes.)
The Western European countries in VAR data set include Austria, Belgium, Denmark, Finland, France, Germany, Iceland, Ireland, Italy, Luxembourg, Netherlands, Norway, Sweden, and UK. The Asia Pacific countries include Australia, China, Hong Kong, Indonesia, Japan, Korea, Malaysia, New Zealand, Singapore, and Thailand. 9 Time series data should be checked for stationarity and cointegration before estimating VARs (Hamilton, 1994) . Stationary time series have distribution parameters (mean, variance and covariance) that do not change over time. Economic and financial variables (e.g., stock prices and GDP), often exhibit non-stationarity, a trend associated with their means. Non-stationarity in time series data is often referred to as an integrated series or a time series with a unit root. A standard statistical test for non-stationarity is the augmented Dickey-Fuller (1979 , 1981 test. Two variables, X and Y, are cointegrated when both are non-stationary but their linear combination is stationary. They share common trends over time. Examples are disposable income and consumption, and government spending and tax revenues. After regressing one variable on the other, the standard unit root test discussed above is effective methods discern whether the residuals are stationary. We examined our time series data and found some evidence of non-stationarity. However, since our goal is to obtain estimates for the regional contagion links from the variance decomposition, we do not place a strong emphasis on obtaining "accurate" parameter estimates in our VAR models. Instead, analysis of the residuals is key. So we believe it is acceptable to employ VAR in the manner that we have illustrated. For additional information, the interested reader should see Sherwood-Call (1988) . Note: Model used was vector autoregression. The values of R 2 report the overall fit of the models and the F statistics test the hypotheses that all the models' parameters equal zero. We estimated all models with four lagged variables: four regional subscriber growth lags in the regional equation, and four regional and country subscriber growth lags in the country equations. We used multiple statistics as a basis for our lag selection. These included: the likelihood ratio test criterion (LR), the final prediction error criterion, the Akaike information criterion, the Schwartz information criterion, and the Hannan-Quinn information criterion. Our choice of a four-period lag-length is supported by at least two of those selection measures for 11 Western European country equations. The exceptions were Finland, Netherlands, and Norway models where the selection criteria suggest the models with three-period lag-lengths. Similarly, the four-period lag-length selection is supported by at least three different selection criteria in all of the Asia Pacific country equations. We also used Granger (1969) causality statistics to test whether lagged values of the regional subscriber growth have explanatory and predictive power on a country's subscriber growth. Specifically, we checked to see whether the Granger causality Wald χ 2 statistics test for all coefficients on the lags of regional subscriber growth in a country equation were equal to zero. It turns out that all of the χ 2 s were significant, except those for Austria, Korea, and Netherlands. Significance levels are: * = p < .10, ** = p < .05, *** = p < .01.
All the regional and country VAR models show a good fit. The Western Europe and Asia Next, we apply the variance decomposition approach to the forecast error variance in all the country equations. The country subscriber growth forecast error variance is attributed to two sources: country shocks and regional shocks. The latter is our regional contagion links. The regional contagion links are defined as percentages representing the regional shock component of the variance decomposition. We report them in Table 6 . (See Table 6 .) Note: Variance decomposition analysis was used to obtain the results. The regional contagion links are the components of variance calculated from the two-year forecast associated with the regional shocks to wireless phone diffusion. A high value for a regional contagion link means that most subscriber growth at the country level is associated with shocks at the regional level, and is suggestive of a strong contagion effect. A low value for a regional contagion link means that the most of the country's subscriber growth is not associated with shocks at the regional level.
There appear to be varying strengths of regional contagion links among the different Western 
Discussion
The regional contagion links suggest an interesting pattern of regional influences on a country's digital wireless phone subscriber growth. The links also provide an explanation of the extent to which a country's subscriber growth is closely aligned with changes in regional subscriber growth and in regional economic developments. For a better understanding of why some countries within the same region are subject to stronger regional contagion effects than others, we can use findings from other studies to support our interpretation of the regional contagion link results, and corroborate specific findings.
There are several underlying factors that explain different degrees of regional contagion effects. One is cross-border interaction. Countries that have high individual levels of interaction with other countries are likely to experience high regional contagion effects. For example, Putsis, et al. (1997) , in their diffusion analysis of four products among European nations, showed that Austria, Denmark, France, Germany, Italy, Netherlands, and Sweden have patterns of technology diffusion and adoption that are driven by higher external contact rates than other countries in the region. These European countries are associated with medium to high regional contagion links.
Another plausible explanation is drawn from the economics literature: international trade and foreign investments create learning externalities (e.g., Eaton and Kortum, 2002; Keller, 2004) . Consider the interlocking ownership case and, specifically, Hong Kong's Hutchison Telecom and its ownership of Australia's Hutchison Telecom as an example. These foreign direct investments suggest that additional revenue from strong diffusion growth in one country would bring in additional revenues to create growth in another country. A similar argument applies when the markets experience slow growth. Similarly, other bilateral relationships such as consultancy, training, and knowledge transfer agreements would enable the operator on the receiving end of the agreement to gain "best business practices" benefits from other countries.
CONCLUSION
We examined digital wireless phone adoption and diffusion growth, and analyzed technological gaps among 43 countries in major regions of the world to understand the extent of the global digital divide. Our empirical methods included analysis of subscriber penetration and growth, econometric analysis of panel data models to explore country-specific drivers of diffusion growth, and the application of vector autoregression and variance decomposition approaches to measure regional contagion effects in global diffusion of digital wireless phones.
Key Contributions
Our study aims to provide a better understanding of the presence and the intensity of the digital divides that exist in digital wireless phone technologies at country, regional and global levels. The explanatory model that we proposed to understand drivers of adoption should also provide an actionable agenda for policy makers, especially in those countries that have low digital wireless phone subscription levels, to attempt to bridge the gaps. In addition, the fact that some countries can influence others in the technological diffusion process, particularly those that share regionally similar business, economic and cultural traits, offers additional insights to understand the digital divide beyond what we have learned from the within-country factors.
We also offer a new theory, a regional contagion theory of diffusion, for which we offer some preliminary empirical support to explain the observed diffusion and digital divide patterns for digital wireless phone technologies. This theory should be an applicable elsewhere to provide insights into the process of technological diffusion for different units of analysis and for different types of technologies. One of the examples that this theory can potentially explain is the diffusion of Wi-Fi across cities and towns. Another useful application is digital music, where the speed of diffusion of new hand-held electronics devices has been historically fast.
We have also been able to demonstrate some new methodological approaches that support the study of our theory of regional contagion, namely the vector autoregression and variance decomposition analyses. Our specification of regional contagion links via the modeling approach that we employ is unique to the study of technology adoption and diffusion. Our expectation is after our initial demonstration of the efficacy of this approach, many other IS researchers will come to recognize the significant benefits associated with econometric methods that have been developed for the study of macroeconomic time series and the applicability of their use to obtain a richer managerial and policy making understanding of technology diffusion.
Limitations and Future Research Directions
There are a few limitations in our research. The lack of data prevents us from including additional countries, especially those in Latin America. In addition, there are at least two-year time lags for the digital wireless phone statistics published by the ITU. The 2004 publication provides data up to 2002 for some countries with missing data in several economies, so even this source is imperfect. We also recognize the difficulties that the international organizations have with ensuring data quality (similar to the concerns that have been expressed about data quality in the many studies on information technology investments and the productivity paradox). Within the limited quality of the data that we have obtained, there nevertheless are other opportunities for the study of reporting problems and data anomalies that we have not yet undertaken.
Our future work will focus on further developing the regional contagion theory of diffusion by applying theoretical arguments from the regional economics, consumer behavior, strategy, and policy literatures. We also need to develop a core set of regional contagion effects beyond geographical proximity that will permit us to find appropriate measurements and perform statistical analysis. We believe that the application of spatial econometrics methods as discussed by Anselin (1988) and Cressie (1993) that are commonly used in geography, public health and medical epidemiology will be an appropriate next step. These methods will allow us to explicitly and empirically capture the various contagion effects that may be at work in the diffusion of Digital wireless phone diffusion year
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